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Abstract 

A  numerical  hydrodynamic  study  was  conducted  to  compare  multiple 
levee  setback  alternatives  to  the  base  condition  (levee  without  setbacks). 
The  models  developed  for  this  study  are  hypothetical.  An  unsteady  unit 
hydrograph  representing  a  flood  wave  was  used  to  perform  the 
simulations.  The  levee  setback  alternatives  show  a  reduction  in  water 
surface  elevation  upstream  of  and  at  the  setback  area  when  compared  with 
the  base  condition.  The  overland  water  velocity  increases  upstream  of  the 
setback  area  and  decreases  at  the  levee  setback  area  and  downstream 
when  compared  with  the  base  condition.  These  hypothetical  results 
indicate  that  levee  setback  may  be  an  option  to  reduce  flood  risk  at  a  given 
location;  however,  exact  physical  setting  and  processes,  economics,  and 
environmental  implications  of  alternatives  must  be  examined  to  determine 
the  viability  of  alternatives.  This  report  provides  preliminary  information 
about  the  effects  of  levee  setbacks  on  flows  and  water  surface  elevations 
that  can  be  helpful  for  planners  and  engineers  considering  adjusting  levee 
alignment  as  a  flood  management  alternative. 
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1  Introduction 

1.1  Purpose 

This  report  describes  a  hydrodynamic  study  on  levee  setback  alternatives 
using  numerical  models  of  hypothetical  cases.  Levee  setbacks  are  projects 
that  move  portions  of  the  levee  farther  away  from  the  river  channel  and 
increase  the  amount  of  floodplain  area  that  can  be  accessed  by  the  river 
during  high  water  events  (Dahl  et  al.  2017).  The  purpose  of  this  study  was  to 
develop  two-dimensional  (2D)  hydrodynamic  models  with  the  objective 
being  to  simulate  hypothetical  scenarios  to  quantify  potential  effects  of  levee 
setbacks  on  water  surface  elevation  (WSE)  and  overland  velocity  (OV) 
during  a  large  flood  event.  The  model  results  could  provide  preliminary 
insights  that  may  help  to  consider  levee  setbacks  as  an  alternative  for  flood 
risk  management. 

1.2  Background 

A  compound  channel  is  composed  of  the  main  channel,  which  conveys  base 
flow  and  frequency  flows  up  to  bankfull  conditions,  and  the  overbanks  that 
transport  overbank  flow  during  flood  conditions.  The  total  conveyance  in  a 
compound  channel  is  defined  by  Q/S1/2,  where  Q  is  the  total  discharge 
(cubic  feet  per  second  or  cubic  meters  per  second)  and  S  is  the  energy  slope, 
which  is  assumed  to  be  equal  to  the  bed  slope  under  uniform  flow  conditions 
(Sturm  2001).  Discharge  is  a  function  of  the  velocity  and  cross-sectional 
area.  When  the  area  is  increased  while  the  inflow  remains  unchanged,  the 
water  stage  is  reduced. 

A  traditional  levee  is  a  structure  built  along  a  water  course  with  the  main 
purpose  of  containing,  controlling,  or  diverting  the  flow  of  water  to  reduce 
flooding  (U.S.  Army  Corps  of  Engineers  Levee  Safety  Program  2017). 
Traditional  levees  tend  to  narrow  the  width  of  the  channel’s  floodplain, 
creating  a  compound  channel  when  located  on  the  left  and  right  overbanks 
and  limiting  the  flood  extent.  Levee  setbacks  relocate  a  portion  of  a 
traditional  levee  farther  away  from  the  river  channel  to  provide  additional 
floodplain  storage,  reducing  flood  stages  (Dahl  et  al.  2017).  Levee  setbacks 
are  considered  nonstructural  flood  risk  management  techniques  since  they 
can  reduce  existing  impacts  of  the  levee  structures  on  the  natural  river  and 
floodplain  processes. 
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To  determine  the  feasibility  of  a  levee  setback  alternative,  additional 
considerations  such  as  economic  benefits  and  ecosystem  restoration  should 
also  be  evaluated.  More  detailed  discussions  about  the  benefits  of  levee 
setbacks  beyond  reduced  flooding  can  be  found  in  Dahl  et  al.  (2017)  and 
Smith  et  al.  (2017). 

This  report  investigates  the  feasibility  of  levee  setbacks  in  a  conceptual 
manner.  The  remainder  of  the  report  describes  the  modeling  methodology 
used  (Chapter  2),  discusses  the  results  (Chapter  3),  and  provides  some 
concluding  remarks  (Chapter  4). 

1.3  Approach 

The  approach  is  addressed  in  Chapter  2  Methodology. 
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2  Methodology 

Numerical  flow  simulations  were  conducted  for  two  hypothetical  rivers,  one 
with  a  straight  and  the  other  with  a  sinuous  channel.  Adaptive  Hydraulics 
(AdH)  Version  4.5,  a  2D  depth-averaged  model  developed  by  the  U.S.  Army 
Engineer  Research  and  Development  Center,  was  applied  for  this  study.  The 
AdH  model  is  a  software  package  that  can  describe  both  saturated  and 
unsaturated  groundwater,  overland  flow,  three-dimensional  (3D)  Navier- 
Stokes,  and  3D  shallow  water  problems  in  addition  to  2D  shallow  water 
problems  (Berger  et  al.  2010).  This  study  used  the  2D  shallow  water 
equations.  To  estimate  potential  impacts  of  levee  setbacks  on  WSE  and  OV 
during  a  high  flow  event,  two  alternatives  for  the  straight  channel  and  three 
alternatives  for  the  sinuous  channel  were  evaluated. 

2.1  Geometry  of  straight  channel  alternatives 

Figure  1  shows  the  base  condition  for  the  straight  trapezoidal  channel.  The 
trapezoidal  channel  is  137  meters  (m)  (449  feet  [ft])  wide  across  the  top  and 
4  m  (13  ft)  deep  with  iV:9H  side  slopes.  The  levees  are  parallel  to  the 
channel  and  are  located  approximately  154  m  (505  ft)  from  the  edge  of  the 
channel.  The  model  domain  is  approximately  10.3  kilometers  (km) 

(6.4  miles)  long.  The  cross  section  is  most  clearly  visible  in  the  lower  left- 
hand  corner  of  Figure  1,  although  the  vertical  scale  is  exaggerated  relative  to 
the  horizontal  scale.  The  channel  longitudinal  slope  is  defined  by  the 
difference  between  the  upstream  and  downstream  channel  bottom 
elevations  divided  by  the  channel  length.  The  longitudinal  slope  of  the 
straight  channel  is  0.0004  m/m.  The  valley  slope  is  defined  by  the 
difference  between  the  upstream  and  downstream  overbank  elevations 
divided  by  the  overbank  length.  The  valley  slope  for  the  straight  channel 
case  is  0.0004  m/m  (the  same  as  the  longitudinal  slope). 

Note  that  in  all  of  the  mesh  figures,  there  are  areas  with  higher-resolution 
mesh  elements  that  appear  as  thick,  black  lines  in  the  figure.  These  black 
lines  are  due  to  the  closely  spaced  elements  in  the  computational  mesh. 
Terrain  features  and  elevations  are  indicated  by  the  colors,  as  shown  in  the 
legend.  The  higher  resolution  may  only  be  required  for  certain  alternatives, 
but  the  same  mesh  was  used  for  all  alternatives  to  provide  consistency  in 
comparisons. 
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Figure  1.  Straight  channel  mesh  showing  base  condition. 


Figure  2  shows  the  straight  channel  Alternative  l.  The  levee  is  set  back 
approximately  1,020  m  (3,346  ft)  from  the  edge  of  the  channel  on  both  the  left 
and  right  banks  with  30°  flow  transitions.  The  area  of  the  levee  setback 
including  the  left  and  the  right  banks  is  approximately  3.48  km2  (1.34  miles2). 


Figure  2.  Straight  channel  mesh  showing  Alternative  1. 
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Figure  3  shows  the  straight  channel  Alternative  2.  The  levee  setback  is 
located  only  on  the  right  descending  bank,  approximately  1,810  m  (5,939  ft) 
from  the  edge  of  the  channel  with  30°  flow  transitions.  The  area  of  the 
setback  is  approximately  4.15  km2  (1.6  miles2).  Alternative  2  is  slightly  (16%) 
larger  than  Alternative  1  in  terms  of  setback  area.  The  main  difference 
between  Alternative  1  and  Alternative  2  is  that  the  levee  setback  area  in 
Alternative  1  is  distributed  on  both  the  left  and  right  banks  while  in 
Alternative  2  the  setback  area  is  located  only  on  the  left  bank.  The  purpose 
of  modeling  both  alternatives  was  to  compare  similar  setback  areas  with 
different  layouts  and  their  impact  on  the  WSE  for  a  large  flow  event  in  a 
straight  channel. 


Figure  3.  Straight  channel  mesh  showing  the  Alternative  2. 


2.2  Geometry  of  sinuous  channel  alternatives 

The  sinuous  trapezoidal  channel  has  the  same  width,  depth,  and  side  slopes 
as  the  straight  channel  and  a  sinuosity  of  1.2.  The  longitudinal  and  valley 
slopes  are  approximately  0.00033  m/m  and  0.0004  m/m,  respectively. 

Figure  4  shows  the  sinuous  channel  base  condition  mesh.  As  in  the  straight 
channel  alternatives,  the  levees  are  located  154  m  (505  ft)  from  the  edge  of 
the  channel.  Figure  5  shows  the  sinuous  channel  Alternative  1.  The  levee 
setback  is  located  on  the  left  bank,  approximately  1,197  m  (3,926  ft)  from 
the  edge  of  the  channel.  Figure  6  shows  the  sinuous  channel  Alternative  2. 
This  levee  setback  is  also  located  at  the  left  bank,  but  it  is  much  smaller, 
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with  a  maximum  distance  from  the  edge  of  the  channel  of  approximately 
584  m  (1,915  ft). 

Figure  7  shows  the  sinuous  channel,  Alternative  3.  This  alternative  has  the 
same  characteristics  as  Alternative  1  except  that  the  levee  setback  is  located 
at  the  right  bank. 

Alternative  1  and  Alternative  2  were  chosen  to  compare  how  the  change  of 
levee  setback  area  on  the  right  bank  of  the  inside  meander  bend  would 
impact  the  WSE  for  a  large  flow  event  in  a  sinuous  channel.  Alternative  3 
has  the  same  setback  area  as  Alternative  1  and  is  located  on  the  left  bank  of 
the  inside  meander  bend. 


Figure  4.  Sinuous  channel  mesh  showing  the  base  condition. 
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Figure  5.  Sinuous  channel  mesh  showing  the  Alternative  1. 


Figure  6.  Sinuous  channel  mesh  showing  the  Alternative  2. 
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Figure  7.  Sinuous  channel  mesh  showing  the  Alternative  3. 


2.3  Hydraulic  model  parameters 

The  channel  roughness  coefficient  for  all  the  straight  and  sinuous  channel 
models  is  0.025.  Three  different  floodplain  roughness  values  were  used  to 
assess  the  potential  impact  of  various  vegetation  types.  Table  1  gives  the 
floodplain  roughness  coefficients  used  in  the  hydrodynamic  numerical 
simulations.  A  roughness  value  of  0.035  was  assigned  to  the  levee,  to  represent 
a  typical  grass  cover. 


Table  1.  Floodplain  roughness  values  and  description. 


Roughness  Value 

Description 

0.035 

Grass 

0.040 

Mature  field  crops 

0.050 

Light  bush  and  trees,  in  summer 

Source:  Chow  (1959) 


The  upstream  boundary  condition  assigned  to  all  the  models  was  a  unit 
hydrograph  developed  using  the  Natural  Resources  Conservation  Service 
(NRCS)  unit  hydrograph  method.  Figure  8  shows  the  unit  hydrograph.  The 
peak  flow  of  3,600  cubic  meters  per  second  (cms)  (127,000  cubic  feet  per 
second  [cfs])  is  large  enough  to  inundate  the  floodplain  and  almost  overtop 
the  levees. 
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The  scale  used  for  the  hypothetical  models  is  similar  to  the  Savannah 
River  near  Augusta,  GA.  The  U.S.  Geological  Survey  (USGS)  gage 
02197000  at  Augusta,  GA,  has  recorded  peak  flows  up  to  9,919  cms 
(350,000  cfs)  before  the  construction  of  flow  control  dams.  The  New 
Savannah  Bluff  Lock  and  Dam  (NSBLD)  began  operations  in  1937.  After 
the  construction  of  the  NSBLD,  the  maximum  peak  flows  ranged  from 
2834  cms  to  7085  cms  (100,000  cfs  to  250,000  cfs).  The  J.  Strom 
Thurmond  Dam  began  operations  in  1954.  Since  its  construction,  the 
maximum  peak  flows  have  remained  under  2,834  cms  (100,000  cfs)  as 
shown  in  Figure  9. 

Figure  8.  Synthetic  unit  hydrograph  used  in  the  dynamic  simulations. 
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Figure  9.  Savannah  River  annual  peak  flows  at  USGS  gage  near  Augusta,  GA. 
(Source:  USGS  Water  Resources) 
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The  downstream  boundary  condition  assigned  to  the  models  was  a  pre¬ 
determined  WSE.  The  models  were  first  run  with  a  fixed  WSE  at  the 
downstream  end  to  estimate  the  depth  calculated  by  the  numerical  model  at 
a  node  close  to  the  downstream  boundary.  Then,  the  depth  calculated  by  the 
numerical  model  was  used  to  calculate  the  WSE  at  the  downstream 
boundary  assuming  uniform  flow  conditions  (i.e.,  the  energy  slope  and  the 
bed  slope  are  the  same).  The  downstream  boundary  location  is  located  far 
enough  downstream  (at  least  4  km  [2.5  miles])  from  the  levee  setback  areas 
that  it  does  not  impact  results  at  the  setback  areas.  Therefore,  the  same 
tailwater  was  used  for  all  the  models.  The  model  results  are  intended  to 
show  a  difference  between  a  base  condition  (original  levee  scenario)  and  a 
levee  setback  alternative. 
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3  Model  Simulations  and  Results 

3.1  Straight  channel  dynamic  simulations 

Three  hypothetical  models  of  a  straight  channel,  including  the  base  condition 
(original  levee  without  setbacks)  and  two  levee  setback  alternatives,  were 
constructed  to  identify  potential  impacts  of  levee  setbacks  on  WSE  and  OV.  The 
orange  lines  in  Figure  to  represent  the  original  conditions.  The  light-purple 
lines  represent  Alternative  l,  and  the  dark-blue  line  represents  Alternative  2. 
The  WSE  was  extracted  from  the  model  results  at  three  locations:  upstream  of 
the  levee  setbacks,  at  the  levee  setback,  and  downstream  of  the  levee  setback. 
These  monitoring  locations  are  shown  in  Figure  to.  The  locations  are 
represented  with  a  red  horizontal  line.  The  WSE  was  extracted  from  a  node 
located  approximately  at  the  center  of  the  channel  for  each  of  the  three 
locations. 


Figure  10.  Levee  setback  alternatives  and  WSE  observation  points  for 
the  straight  channel  models.  Only  the  central  portion  of  the  model 
domain  is  shown. 
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The  upstream  setback  WSE  observation  point  is  located  approximately 
930  m  (3,050  ft)  upstream  of  the  start  of  Alternative  1  and  480  m  (1,574  ft) 
upstream  of  the  start  of  Alternative  2.  The  downstream  setback  WSE 
observation  point  is  located  approximately  1,030  m  (3,378  ft)  downstream 
of  the  end  of  Alternative  1  and  580  m  (1,902  ft)  downstream  of  the  end  of 
Alternative  2.  The  Downstream  Setback  observation  point  is  also 
approximately  3  km  (1.9  miles)  upstream  of  the  end  of  the  model  domain. 
Figure  11  shows  the  WSE  at  the  upstream  observation  point  for  the  base 
condition,  Alternative  1,  and  Alternative  2  during  the  higher  flows  of  the 
synthetic  unit  hydrograph  with  a  floodplain  roughness  of  0.040. 

Figure  11.  WSE  at  the  observation  point  upstream  of  the  levee  setback  alternatives. 
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The  maximum  WSE  drops  approximately  0.4  m  (1.31  ft)  for  Alternative  1 
and  0.5  m  (1.64  ft)  for  Alternative  2  when  compared  with  the  base  condition 
using  a  floodplain  roughness  of  0.040.  As  mentioned  in  Section  2.1.1,  the 
levee  setback  area  of  the  Alternative  2  is  approximately  16%  larger  than  the 
levee  setback  area  of  the  Alternative  1.  According  to  Figure  11,  an  increase  in 
levee  setback  area  also  increases  the  reduction  in  the  WSE  under  the  same 
flow  and  roughness  conditions. 

Figure  12  shows  the  WSE  for  the  base  condition,  Alternative  1,  and 
Alternative  2  during  the  higher  flows  of  the  synthetic  unit  hydrograph  with  a 
floodplain  roughness  of  0.040  at  the  WSE  observation  point  at  the  levee 
setbacks. 
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Figure  12.  WSE  at  the  observation  point  at  the  levee  setback  location. 
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Figure  13.  WSE  at  the  observation  point  downstream  of  the  levee  setback  alternatives. 
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The  maximum  WSE  at  the  levee  setback  observation  point  drops 
approximately  o.i  m  (0.33  ft)  for  Alternative  1  and  0.2  m  (0.66  ft)  for 
Alternative  2  when  compared  with  the  base  condition  using  a  floodplain 
roughness  of  0.040.  Results  shown  in  Figure  12  suggest  that  there  is  a 
reduction  in  WSE  at  the  levee  setback  area,  but  it  is  slightly  smaller  than  the 
reduction  in  WSE  at  the  upstream  observation  point. 

Figure  13  shows  the  WSE  for  the  base  condition,  Alternative  1,  and 
Alternative  2  during  the  higher  flows  of  the  synthetic  unit  hydrograph  with  a 
floodplain  roughness  of  0.040  at  the  WSE  observation  point  downstream  of 
the  levee  setback.  The  WSE  of  the  levee  setback  alternatives  at  the 
observation  point  downstream  of  the  levee  setbacks  are  nearly  identical  as 
the  WSE  of  the  base  condition  model.  The  results  shown  in  Figures  11, 12, 
and  13  indicate  that  the  more  significant  impact  in  the  WSE  occurs 
upstream  of  the  levee  setbacks  and  decreases  in  the  downstream  direction. 

Figure  14  compares  the  maximum  WSE  for  multiple  roughness  coefficients 
at  the  WSE  observation  point  at  the  setbacks.  Results  shown  in  Figure  14 
indicate  that  the  impact  of  a  levee  setback  on  the  WSE  could  be  slightly 
reduced  by  an  increase  in  the  floodplain  roughness.  The  impact  of  floodplain 
roughness  on  WSE  is  approximately  twice  that  of  the  setback  in  these 
scenarios. 


Figure  14.  Maximum  WSE  at  the  setback  observation  point. 
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Figure  15  shows  the  depth-averaged  OV  of  the  base  condition  model  for  the 
peak  discharge.  The  velocity  in  the  channel  is  approximately  3  m/s 
(9.84  ft/s),  and  the  velocities  in  the  overbanks  are  approximately  1.2  m/s 
(3.94  ft/s)  for  the  peak  discharge  and  an  overbank  roughness  coefficient  of 
0.040. 


Figure  15.  Overland  velocity  (meters/second)  of  the  base  condition 
model  during  the  peak  discharge. 


Figure  16  and  Figure  17  show  the  depth-averaged  overland  velocities  of  levee 
setback  Alternatives  1  and  2  for  the  peak  discharge  with  an  overland 
roughness  coefficient  of  0.040.  The  OV  decreases  in  the  channel  and 
floodplain  within  the  levee  setback  area  for  both  alternatives.  The  reduction 
in  velocity  along  the  toe  of  the  levee  setbacks  can  also  reduce  shear  stresses 
associated  with  large  flows.  Conversely,  the  velocity  increases  at  the 
upstream  WSE  observation  point  by  approximately  6%  for  Alternative  1  and 
9%  for  Alternative  2  when  compared  with  the  base  condition.  This  result  is 
consistent  with  the  principle  of  conservation  of  mass.  If  the  same  amount  of 
flow  is  occurring  with  a  lower  WSE  and  lower  cross-sectional  area,  then  the 
velocity  of  water  will  increase. 
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Figure  16.  OV  (meters/second)  of  the  levee  setback  Alternative  1 
during  the  peak  discharge. 


Figure  17.  OV  (meters/second)  of  the  levee  setback  Alternative  2 
during  the  peak  discharge. 
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3.2  Sinuous  channel  dynamic  simulations 

This  study  also  included  four  hypothetical  models  of  a  sinuous  channel, 
including  the  base  condition  (original  levee  without  setbacks)  and  three 
levee  setback  alternatives.  The  models  were  constructed  with  the  same 
objective  as  the  straight  channel  models:  to  identify  potential  impacts  of 
levee  setbacks  on  WSE  and  OV.  The  orange  lines  in  Figure  18  represent  the 
base  condition.  The  dark-blue  line  represents  Alternative  l  and  the 
light-purple  line  represents  Alternative  2.  The  WSE  was  extracted  from  the 
model  results  at  three  locations:  upstream  of  the  levee  setbacks,  at  the  levee 
setback,  and  downstream  of  the  levee  setback.  The  locations  are  also  shown 
on  Figure  18.  The  locations  are  represented  with  a  red  horizontal  line.  The 
WSE  was  extracted  from  a  node  located  approximately  at  the  center  of  the 
channel  for  each  of  the  three  locations.  The  levee  setback  area  of  Alternative 
1  is  approximately  80%  larger  than  the  levee  setback  area  of  Alternative  2. 

Figure  18.  WSE  observation  points  and  levee  setback 
Alternatives  1  and  2  for  the  sinuous  channel.  Only  the  central 
portion  of  the  model  domain  is  shown. 
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Alternative  3  is  located  on  the  right  bank,  downstream  of  Alternatives  1  and 
2.  Therefore,  different  locations  for  the  WSE  observation  points  have  been 
assigned  to  this  alternative.  Figure  19  shows  Alternative  3  represented  with 
a  light-gray  line,  the  base  condition  represented  with  orange  lines  and  the 
WSE  observation  points.  Since  the  only  difference  between  Alternative  1  and 
Alternative  3  is  that  Alternative  1  is  located  at  the  left  bank,  the  upstream 
and  downstream  WSE  observation  points  for  both  alternatives  are  located 
approximately  570  m  (1,870  ft)  upstream  of  the  start  of  the  levee  setback 
and  500  m  (1,640  ft)  downstream  of  the  end  of  the  levee  setback.  The 
downstream  setback  observation  point  is  approximately  3  km  (1.9  miles) 
upstream  of  the  end  of  the  model  domain.  For  Alternative  2,  the  upstream 
WSE  observation  point  is  located  approximately  1,380  m  (4,526  ft) 
upstream  of  the  start  of  the  levee  setback,  and  the  downstream  WSE 
observation  point  is  located  approximately  1,400  m  (4,592  ft)  downstream 
of  the  end  of  the  levee  setback. 


Figure  19.  WSE  observation  points  and  levee  setback 
Alternative  3  for  the  sinuous  channel.  Only  the  central 
portion  of  the  model  domain  is  shown. 
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Figure  20  shows  the  WSE  at  the  observation  point  upstream  of  the  levee 
setbacks  for  the  base  condition,  Alternative  1,  and  Alternative  2  during  the 
higher  flows  of  the  synthetic  unit  hydrograph  with  a  floodplain  roughness  of 
0.040.  The  maximum  WSE  drops  approximately  0.5  m  (1.64  ft)  for 
Alternative  1  and  0.2  m  (0.66  ft)  for  Alternative  2  when  compared  with  the 
base  condition. 

Figure  20.  WSE  at  observation  point  upstream  of  the  levee  setback  Alternatives  1  and  2. 
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Figure  21  shows  the  WSE  at  the  observation  point  at  the  levee  setbacks  for 
the  base  condition,  Alternative  1,  and  Alternative  2  during  the  higher  flows 
of  the  synthetic  unit  hydrograph  with  a  roughness  coefficient  of  0.040.  The 
maximum  WSE  is  reduced  approximately  0.2  m  (0.66  ft)  for  Alternative  1 
while  Alternative  2  shows  no  reduction. 

Figure  22  shows  the  WSE  for  the  same  scenarios  as  Figure  21  at  the 
observation  point  downstream  of  the  levee  setback,  respectively.  The  WSE 
of  the  levee  setback  alternatives  at  the  observation  point  downstream  are 
nearly  identical  as  the  WSE  of  the  base  condition  model. 
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Figure  21.  WSE  at  observation  point  at  the  levee  setback  Alternatives  1  and  2. 
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Figure  22.  WSE  at  observation  point  downstream  of  the  levee  setback  Alternatives  1  and  2. 
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Figure  23  compares  the  maximum  WSE  for  multiple  roughness  coefficients 
at  the  WSE  observation  point  at  the  setback  for  Alternatives  1  and  2.  The 
impact  of  floodplain  roughness  on  WSE  is  approximately  double  that  of 
setback  Alternative  1  in  these  scenarios.  Since  Alternative  2  has  no  impact  at 
this  WSE  observation  point,  the  base  condition  and  Alternative  2  plots  are 
approximately  the  same. 


Figure  23.  Maximum  WSE  at  the  setback  observation  point  (Alternatives  1  and  2). 
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Figure  24  shows  the  difference  in  maximum  WSE  (base  condition  minus 
levee  setback  alternative)  for  the  three  WSE  observation  points  of 
Alternatives  1  and  3,  which  have  the  same  area  but  on  opposite  meanders. 
The  effect  of  both  alternatives  on  the  maximum  WSE  is  very  similar. 
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Figure  24.  Change  in  maximum  WSE  (base  condition  minus  levee  setback  alternative)  at  WSE 
observation  points  for  levee  setback  Alternatives  1  and  3. 


The  results  of  the  sinuous  channel  case  indicate  that  levee  setbacks  can 
reduce  the  WSE  for  large  floods  upstream  of  and  at  the  setback  locations. 
However,  there  was  no  observed  reduction  in  the  WSE  downstream  of  the 
levee  setback.  The  largest  impact  on  the  WSE  occurs  upstream  of  the  levee 
setbacks  for  both  cases:  the  straight  and  sinuous  channels.  The  change  in 
the  WSE  due  to  the  levee  setback  decreases  in  the  downstream  direction. 

Figure  25  shows  the  OV  of  the  base  condition  model  for  the  peak  discharge 
and  an  overbank  roughness  of  0.040.  The  maximum  velocity  in  the  channel 
is  approximately  2.7  m/s  (8.86  ft/s)  while  the  maximum  velocities  in  the 
overbanks  are  between  1  and  1.2  m/s  (3.28  and  3.94  ft/s).  The  maximum 
velocity  in  the  sinuous  channel  is  slightly  slower  than  the  maximum  velocity 
in  the  straight  channel  because  of  the  reduced  channel  slope  due  to  the 
meanders. 
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Figure  25.  OV  (meters/second)  of  the  sinuous  channel  initial  conditions 
model  during  the  peak  discharge. 


Figure  26  and  Figure  27  show  the  OV  of  Alternatives  1  and  2,  respectively, 
for  the  peak  discharge  and  an  overbank  roughness  of  0.040.  The  OV 
decreases  in  the  channel  and  floodplain  within  the  levee  setback  area  for 
both  alternatives  when  compared  with  the  base  condition.  The  reduction  in 
velocity  and  WSE  along  the  toe  of  the  levee  setbacks  will  also  reduce  shear 
stresses  associated  with  large  flows. 
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Figure  26.  OV  (meters/second)  of  the  sinuous  channel  Alternative  1 
during  the  peak  discharge. 


Since  the  larger  impact  in  the  reduction  of  WSE  occurs  upstream  of  the 
levee  setback,  the  OV  increases  upstream  of  the  levee  setback.  The  OV  at  the 
WSE  observation  point  upstream  of  the  levee  setback  increases 
approximately  11%  for  Alternative  l  and  3%  for  Alternative  2,  when 
compared  with  the  base  condition.  The  increase  in  OV  upstream  of  the  levee 
setback  could  increase  the  risk  of  scour  along  the  bank  and  may  require 
additional  bank  protection  beyond  that  required  for  a  traditional  levee. 

Figure  28  shows  the  OV  of  Alternative  3  for  the  peak  discharge  and  an 
overbank  roughness  coefficient  of  0.040.  The  velocity  follows  a  similar 
pattern  to  that  seen  for  Alternative  1. 
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Figure  27.  OV  (meters/second)  of  the  sinuous  channel 
Alternative  2  during  the  peak  discharge. 


Figure  28.  OV  (meters/second)  of  the  sinuous  channel 
Alternative  3  during  the  peak  discharge. 
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4  Conclusions 

The  straight  and  sinuous  hypothetical  levee  setback  alternatives  show  a 
reduction  in  the  water  surface  elevation  (WSE)  upstream  of  and  at  the  levee 
setback  area  when  compared  to  the  base  condition  for  a  large  flood  event. 
The  reduction  in  WSE  increases  in  the  upstream  direction  from  the  levee 
setback  location  and  decreases  in  the  downstream  direction.  The  WSE 
impacts  likely  diminish  farther  away  from  the  setback,  beyond  the 
boundaries  of  the  models  used  in  this  study.  An  additional  study  is  needed 
to  investigate  how  far  upstream  a  levee  setback  can  reduce  WSEs.  Overland 
velocity  (OV)  is  reduced  in  the  channel  and  the  floodplain  within  the  setback 
area.  The  reduction  in  the  OV  and  WSE  could  potentially  reduce  shear  stress 
along  the  toe  of  the  levee  within  the  setback  area,  reducing  the  risk  of  levee 
failure.  Conversely,  the  results  indicate  that  OV  in  the  channel  increases 
upstream  of  the  levee  setback  when  compared  with  the  base  condition.  The 
increase  in  OV  may  help  to  remove  sediment  from  the  channel.  However, 
higher  velocities  may  increase  the  risk  of  bank  erosion.  The  OV  may  also 
increase  along  the  levee  setback  transitions  due  to  the  constriction  in  the 
floodplain  area. 

Since  these  conclusions  are  based  on  hypothetical  models,  it  is 
recommended  that  these  findings  be  verified  by  comparison  with  an  existing 
levee  setback  project  that  has  been  constructed,  comparing  the  pre-project 
conditions  to  the  with-project  conditions. 
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